We identify 233 X-ray sources, of which 95 are new, in a 222 ks exposure of Omega Centauri with the Chandra X-ray Observatory's ACIS-I detector. The limiting unabsorbed flux in the core is f X (0.5-6.0 keV) ≃ 3×10 −16 erg s −1 cm −2 (L x ≃ 1×10 30 erg s −1 at 5.2 kpc). We estimate that ∼60 ± 20 of these are cluster members, of which ∼30 lie within the core (r c = 155 arcsec), and another ∼30 between 1-2 core radii. We identify four new optical counterparts, for a total of 45 likely identifications. Probable cluster members include 18 cataclysmic variables (CVs) and CV candidates, one quiescent low-mass X-ray binary, four variable stars, and five stars that are either associated with ω Cen's anomalous red giant branch, or are sub-subgiants. We estimate that the cluster contains 40 ± 10 CVs with L x > 10 31 erg s −1 , confirming that CVs are underabundant in ω Cen relative to the field. Intrinsic absorption is required to fit X-ray spectra of six of the nine brightest CVs, suggesting magnetic CVs, or high-inclination systems. Though no radio millisecond pulsars (MSPs) are currently known in ω Cen, more than 30 unidentified sources have luminosities and X-ray colours like those of MSPs found in other globular clusters; these could be responsible for the Fermi-detected gamma-ray emission from the cluster. Finally, we identify a CH star as the counterpart to the second-brightest X-ray source in the cluster and argue that it is a symbiotic star. This is the first such giant/white dwarf binary to be identified in a globular cluster.
INTRODUCTION
Significant progress has been made in recent years in unraveling the complex interplay between stellar dynamics and stellar evolution in globular clusters (e.g. Wang et al. 2016; Rodriguez et al. 2016) . On the observational side, critical insights have come from X-ray imaging, which reveals many of the binary stars that drive cluster evolution at late times. The nearest globular clusters are prime targets for such studies. For these clusters, long exposures with the Chandra X-ray Observatory can sample luminosities as faint as L x ∼ 10 30 erg s −1 , which enables compilation of nearcomplete samples of compact binaries (e.g. Grindlay et al. 2001; Pooley et al. 2003; Heinke et al. 2005) . Chandra also brings within reach significant numbers of main-sequence and/or subgiant binaries that reveal themselves through enhanced coronal activity (e.g. Bassa et al. 2004; Cohn et al. 2010) .
ω Cen may not be a globular cluster at all, but instead the remnant nucleus of a dwarf galaxy captured by the Milky Way (Norris et al. 1996 ; Lee et al. 1999; Bekki & Freeman 2003) .
Observations with successive generations of X-ray observatories have revealed increasingly large numbers of sources in and toward ω Cen. Five were found with Einstein/IPC (Hertz & Grindlay 1983) , 21 with ROSAT/PSPC (Johnston et al. 1994; Verbunt & Johnston 2000) , and 146 with XMM-Newton (Gendre et al. 2003) . In each case, roughly one third to one-half of the sources lay within about 3 core radii of the cluster centre, where membership in the cluster becomes more probable. The first Chandra observation of ω Cen, a ∼70 ksec exposure with the Advanced CCD Imaging Spectrometer's imaging array (ACIS-I), expanded the number of X-ray sources to 180, ∼150 of which lie interior to 3r c (Haggard et al. 2009 , see also Cool et al. 2002) .
The ability to observe faint stars even in the cluster core with the Hubble Space Telescope (HST) has made it possible to identify optical counterparts for a significant number of these sources (Carson et al. 2000; Haggard et al. 2004; Cool et al. 2013) . Optical counterparts are essential for classifying the objects that are responsible for the X-ray emission; very few objects can be uniquely identified on the basis of X-rays alone, quiescent low-mass X-ray binaries being a rare exception (Rutledge et al. 2002) . Innovations in ground-based photometric techniques have also uncovered a large number of variable stars in ω Cen (Kaluzny et al. 1996 (Kaluzny et al. , 2004 , some of which are detectable in X-rays at the sensitivity levels achieved by XMM-Newton and Chandra.
In 2012 we obtained a second epoch of Chandra imaging of ω Cen. A primary goal of the study, which had a factor of about three more exposure time than the original study, was to search for -or put limits on -X-ray emission from a potential intermediate-mass black hole (IMBH). Focusing on the central part of the ACIS-I field of view, we found no X-ray emission coincident with the cluster centre, and concluded that if an IMBH does exist in ω Cen then it must be experiencing very little or very inefficient accretion ).
Here we report our analysis of the full 2012 ACIS-I ω Cen dataset. In Section 2 we describe the observations, how we processed the data, and the methods by which we identified sources and measured their properties. We compare the results to those obtained from the first epoch of observations in Section 3. In Section 4 we compare the observed sources to predicted numbers of active galactic nuclei (AGN) and X-ray-detectable foreground stars both to determine how many sources are cluster members and to assess their radial and luminosity distribution. In Section 5 we summarise existing optical identifications and add several more by comparing the new source list to existing catalogues of variable stars. A particularly interesting new optical ID, the first symbiotic star found in a globular cluster, is described in Section 6. In Section 7 we present an X-ray colour-magnitude diagram along with spectral and timing analyses of several of the brightest sources in the cluster (additional spectral and timing analyses will appear elsewhere). We discuss the findings in Section 8 and summarise them in Section 9.
X-RAY OBSERVATIONS AND SOURCE LIST
We obtained two long exposures of ω Cen using the imaging array of the Chandra X-ray Observatory's Advanced CCD Imaging Spectrometer (ACIS-I) on 2012 April 16−17. The datasets have a combined exposure time of ∼222 ksec (173.7 and 48.5 ksec for ObsIDs 13726 and 13727, respectively). The cluster centre was placed near the middle of the imaging array's ∼16.9 × 16.9 arcmin field of view (see Fig. 1 ), which is comprised of a 2×2 array of 1024×1024 chips with ∼0.49 arcsec pixels. To optimise the detection of faint sources, we used the 'very faint' telemetry format in the Timed Exposure mode, which permits improved screening for particle events in post-processing 1 .
We processed the two raw datasets using CIAO's _ . This tool filters events by grade and status, selects good time intervals, and generates a bad pixel file. Reprocessing also enabled us to take advantage of the 'very faint' mode and flag events associated with cosmic rays, which significantly reduced the background rate in the final level=2 event files. In preparation for source detection, we combined the two level=2 events files using _ to create an unbinned merged image in the 0.5-4.5 keV band for the full dataset. Eliminating counts above 4.5 keV at this stage further reduced the background with relatively little effect on the counts associated with most sources. This tool also generated an exposure map suitable for use with (see below). We generated a point spread function (PSF) map at 1.9 keV for an encircled counts fraction (ECF) of 0.5. Since PSF maps cannot be generated directly for merged images, we first created separate PSF maps for each ObsID and then used to produce an exposure-weighted sum of the two. The choice of ECF=0.5 was made after experimenting with and finding that the ability to distinguish closely-spaced on-axis sources was sensitive to this parameter.
We used CIAO's tool to search for sources in the 0.5-4.5 keV merged image, supplying it with the exposure map and PSF map described above. After experimenting with various combinations of parameters, we adopted wavelet scales [1, 2, 4, 8] and a source significance threshold of 10 -6 . This set of parameters was effective at picking up close pairs inside the halfmass radius while limiting spurious off-axis sources. Table 3 lists the full set of 233 sources that appear in the 2012 data set, 95 of which are new. We adopt the same labelling convention used by Haggard et al. (2009) , who identified 180 sources in the first epoch of Chandra data, 138 of which are recovered here (see Section 3). For new sources, we assign a three-character ID based on radial offset from the centre of the cluster 2 and azimuthal angle (see column 1 of Table 3 ). The first character is a number between 1 and 10 equal to the radial offset rounded to 1 arcmin. The second character is a number between 1 and 4 identifying the quadrant in which the source falls. The third character is a letter based on azimuthal angle, increasing counterclockwise. Original labels were kept for re-detected sources; new source names begin with the next available letter and are shown in bold face. Coordinates for the sources, as reported by , are given in column 2 of Table 3 . Uncertainties on these positions, at 95 per cent confidence, computed from source counts and off-axis angle following the empirical formula developed by Hong et al. (2005, see their Eq. 5) , are listed in column 3. Radial offsets from the cluster centre in units of the core radius (r c = 155 arcsec) are listed in column 4. For these offsets we adopted the centre measured by Anderson & van der Marel (2010) To determine source counts and fluxes we used the CIAO tool . We extracted counts in apertures that increase in size with increasing distance from the optical axis to ensure encircled energies 50 per cent at 1.9 keV over the full field (and 80 per cent for most sources; see Table 1 ). For purposes of comparison to Haggard et al. (2009) and to long-exposure Chandra studies of other nearby globular clusters (e.g. Heinke et al. 2005; Bogdanov et al. 2010) , we extracted counts in several bands: 'medium' (0.5-4.5 keV), 'soft' (0.5-1.5 keV), 'hard' (1.5-6.0 keV), 'wide' (0.5-6.0 keV), as well as in the 0.5-2.0 keV soft band used for the Chandra Deep Field South (CDF-S; Luo et al. 2008) . The first numbers listed in the columns 5-7 of Table 3 are the merged raw counts in the first three of these bands. We note that does not operate on merged images; we therefore extracted raw source counts from the two level=2 events files individually and summed the results.
The second entries in columns 5-7 incorporate three adjustments to the raw counts: background subtraction, aperture correction, and an exposure correction. We measured background values for each source separately in annuli centred on the sources and sufficiently large to yield background values accurate to ∼ 10 per cent and sufficiently far from the sources that no more that 3 per 2 To preserve consistency with Haggard et al. (2009) , we assigned source IDs using the same cluster centre adopted in that paper (R.A. = 13 h 26 m 45 s . 89, Dec. = −47 o 28 ′ 36 ′′ .7).
cent of source counts fall in the annulus (and much less than 1 per cent in most cases; see Table 1 ). Several background annuli encompass a neighboring source; in these cases we excluded the imposing source's region from the annulus before measuring the background level. A small number of faint sources for which background subtraction produced negative values in the soft or hard bands are listed in Table 3 as having zero corrected counts. Following background subtraction, we made aperture corrections by dividing the background-subtracted counts by the 1.9 keV encircled energy associated with each individual source, as reported by . Finally, to correct for differing effective areas across the field (e.g. due to chip gaps), we normalised all sources to the typical on-axis value of 350 cm 2 . Corrected counts are thus given by:
The log of the ratio of the corrected counts in the soft vs. hard bands is given in Table 3 , column 8.
To convert corrected counts to unabsorbed fluxes we chose a power law model with a photon index of 1.4, appropriate for the large number of AGN expected to be included among the sources (see Section 4; Giacconi et al. 2001 ). We assumed a hydrogen column toward ω Cen of n H = 9×10 20 cm −2 . The latter was derived assuming E(B−V) = 0.11 (Lub 2002) , A V /E(B−V) = 3.1 (Cardelli et al. 1989) , and n H /A V = 2.81×10 21 (Bahramian et al. 2015) . We used a Tuebingen-Boulder interstellar medium absorption model and abundances from Wilms et al. (2000) (see Heinke et al. 2014) , which are incorporated into as tbabs and wilm, respectively. The resulting unabsorbed fluxes for the medium, wide, and CDF-S soft bands are reported in Table 3 columns 9-11, respectively. These fluxes are exposure-time weighted averages of fluxes determined by running on the two level=2 events files separately. In Fig. 2 we plot the 0.5-4.5 keV fluxes from Table 3 for the 233 sources reported here against their radial offsets from the cluster centre, 20 arcsec from the ACIS-I aimpoint. The 138 recovered sources are shown as blue circles and the 95 new sources are shown as red triangles. Fluxes measured in the first-epoch data for 42 sources that were not recovered in the new data are shown as black dots. These bring the total number of X-ray sources known in and toward ω Cen to 275. The impact of the off-axis broadening of the PSF is clearly visible: while the limiting flux reaches f X (0.5-4.5 keV) ∼ 2×10 −16 erg s −1 near the cluster centre, the limit increases steadily with radius, reaching f X (0.5-4.5 keV) ∼ 2×10 −15 erg s −1 near the edge of the ACIS-I field.
COMPARISON WITH FIRST-EPOCH OBSERVATIONS
The field of view of the present observations overlaps with the first-epoch observations by approximately 88 per cent. In principle the two could be combined to yield a somewhat deeper image; however, given the significant change in sensitivity of ACIS-I in the ∼ 12 yr time period separating the two observations and the strong wavelength dependence of those changes, 3 characterization of the resulting sources would be problematic. Instead we compare results obtained by reducing the two epochs separately.
To ensure that we are making valid comparisons, we have re-extracted source counts and recomputed fluxes from the 2000 dataset using procedures identical to those used for the 2012 data, beginning with the Haggard et al. (2009) source list. This is important given that the details of the analysis methods adopted here differ somewhat from those used by Haggard et al. (2009) . In Fig. 3 we plot the 2012 0.5-6.0 keV fluxes as a function of the 2000 fluxes in the same band for sources that appear in both datasets. Ratios of these fluxes are also listed in column 12 of Table 3 . Here it can be seen that while many sources have 2012 fluxes that are consistent with their values 12 years earlier (solid red line), a significant number have changed in brightness by a factor of 2-3. The median flux ratio for the full set of 138 sources is 0.94. A small number of sources show variations in excess of 3 and up to a factor of ∼10. The source with the largest change in flux is a known cataclysmic variable (CV; ID = 12a); its flux dropped by a factor of ∼15 from 2000 to 2012. The assumption of an identical spectrum for all sources in computing the fluxes (see Section 2) means that not all of the apparent flux changes seen in Fig. 3 will necessarily be indicative of actual source variability. Sources whose spectra differ significantly from the assumed Γ = 1.4 power-law spectrum will have different inferred fluxes in the absence of any real change in brightness owing to the change in sensitivity of the instrument as a function of wavelength in the 12 yr interval between the two sets of observations. Nevertheless, the fact that the median flux ratio for the full set of 138 sources is close to unity suggests that the spectral model we have adopted is reasonable for the bulk of the sources.
Further evidence for considerable flux variations for the sources in this field comes from the fact that 36, i.e. ∼20 per cent, of the sources detected in 2000 are not detected in the 2012 data despite lying within the 2012 ACIS-I FOV (see Fig. 2 ). This is in spite of the fact that the exposure time for the 2012 observations is more than a factor of three longer than for the first-epoch observations (although the loss of sensitivity offsets the increased exposure time somewhat). Conversely, 82 of the sources reported here are in the earlier ACIS-I FOV but were not detected in that observation. While most of the latter are faint sources that would have been below the flux limit in the shorter exposures, others are clearly bright enough that they should have been detected in the absence of intrinsic variation (see Fig. 2 ).
Variability in X-rays is characteristic of nearly all types of objects we expect to detect in these data, including cataclysmic variables and active binaries in the cluster, AGN in the background, and X-ray bright stars in the foreground; we analyse several of the brightest sources in Section 7 below. An exception is the quiescent neutron star (source 44e) in ω Cen (Rutledge et al. 2002; Gendre et al. 2003; Haggard et al. 2004) . If this object is truly quiescent and is not accreting, then the thermal X-ray emission from the hot neutron star's surface should be unchanged from 2000 to 2012. The analysis of the spectrum and flux of this source by Heinke et al. (2014) , which compared the two Chandra epochs and the XMM-Newton epoch, shows no detectable variation, consistent with this picture.
X-RAY SOURCE MEMBERSHIP
Given the length of the ACIS-I exposures and the sensitivity of the camera, significant numbers of AGN will be present in the data, as well as foreground stars. The cumulative number of sources as a function of flux in the entire 2012 field of view (FOV) is shown in Fig. 4 , together with results obtained by Luo et al. (2008) for the Chandra Deep Field South (CDF-S). 4 These authors analysed a ∼2 Ms exposure of the CDF-S, detecting 578 sources in a ∼436 square arcminute field of view with limiting sensitivity of f X ≃ 1.9 × 10 −17 ergs cm −2 s −1 in the 0.5-2.0 keV band. Scaling the CDF-S results to the ∼286 square arcminute field of view of the present study reveals a clear excess of sources toward ω Cen with fluxes in excess of f X (0.5-2.0 keV) ∼ 2×10 −16 erg s −1 cm −2 (see Fig. 4 ). At f X (0.5-2.0 keV) = 5×10 −15 erg s −1 cm −2 , for example, the cumulative excess is a factor of two, with 29 sources observed and only ∼14 AGN predicted. At f X (0.5-2.0 keV) = 5×10 −16 erg s −1 cm −2 , the cumulative excess is still ∼70 per cent, with 169 sources observed and only ∼100 AGN predicted.
To examine the radial dependence of the X-ray source distribution in ω Cen we have divided the ACIS-I field of view into four regions: the cluster core, two concentric annuli (1-2r c , 2-3r c ), and a fourth region that includes all ACIS-I area outside 3r c (see Fig. 5 ). The first three regions are fully encompassed within the ACIS-I field of view and occupy approximately 21, 63, and 105 square arcminutes, respectively, while the fourth spans the remaining ∼97 square arcminutes. Dividing up the field in this way enables us to take the radial dependence of the limiting flux into account. The cumulative number of sources as a function of flux in the 0.5-2.0 keV CDF-S soft band are shown as solid blue lines in Fig. 5 . The predicted numbers of AGN (Luo et al. 2008) , scaled to the area of each region, are shown for comparison (dashed black lines) with dotted black lines representing root N uncertainties. The difference, i.e. sources not attributable to background AGN, are shown as solid red lines.
These plots confirm that significant numbers of X-ray sources toward ω Cen cannot be attributed to background AGN, and that this is true not only in the core of the cluster, but also in the 1-2 r c annulus. Specifically, we estimate that 33 ± 4 and 33 ± 6 sources in these two regions, respectively, cannot be attributed to AGN. 5 In the outer two regions, the numbers are smaller but still non-negligible, with 14 ± 5, and 12 ± 5 sources unattributed to AGN in the 2-3 r c and > 3r c regions, respectively. The total number of sources unattributed to AGN is thus ∼90 ± 20. These numbers increase by ∼15 sources if, like Haggard et al. (2009) , we derive AGN estimates from Tozzi et al. (2001) rather than Luo et al. (2008) .
Estimating how many of the sources may be foreground stars is more challenging given the variations in star counts as a function of Galactic latitude and longitude. A rough idea can be gleaned from the XMM-Newton SSC survey of the galactic plane (Nebot Gómez-Morán et al. 2013), which combines results 5 Taking account of the reduced sensitivity in chip gaps reduces the predicted numbers of AGN in the core by 1-2 sources, and correspondingly increases the estimated number of member sources. Outside the core the correction is negligible. Fig. 5 suggests that perhaps 30-40 of the sources could be stars with active coronae (∼6, 12, 10, and 8 in the four radial regions, respectively). This leaves an estimated ∼54 ± 20 sources associated with ω Cen. This is likely to be a lower limit, considering that the extrapolation is being made to fluxes that are as much as a factor of 10 fainter than those sampled by Nebot Gómez- Morán et al. (2013) and will tend to overestimate the number of coronal sources in the foreground since the line of sight to ω Cen extends outside of the thin disc where most foreground sources should lie.
For another perspective on source membership, we plot X-ray flux in the CDF-S band as a function of the square of the offset from the cluster centre in Fig. 6 . Here it can be seen that the density of sources appears highest close to the cluster centre, dropping off with increasing radius, whereas background and foreground sources should spread evenly across the plot. To investigate how the radial distribution depends on flux, we adopt four flux bins (see dotted lines in Fig. 6 ). Three of the sources in the brightest bin [ f X (0.5-2.0 keV) > 3 × 10 −14 erg s −1 cm −2 ], which corresponds to L x 10 32 erg s −1 at a distance of 5.2 kpc, are already known to be cluster members (CVs 13a and 13c, and qLMXB 44e; Carson et al. 2000; Haggard et al. 2004) . The fourth we propose is a CH star that is also a cluster member (see Section 6).
The next bin, f X (0.5-2.0 keV) = 3-30 × 10 −15 erg s −1 cm −2 (L x 10 31 -10 32 erg s −1 ), contains 42 sources: 3, 11, 14, and 14 in the four radial bins, respectively. In this flux range, the census of sources should be complete out to nearly the edge of the field (see Fig. 6 ). There is no measurable excess of sources toward the cluster centre; the relative numbers of sources in the four bins scale roughly with the relative areas of the bins. However, the predicted number of AGN (Luo et al. 2008) Cool et al. (2013) ) are probable cluster members; open symbols mark sources which are outside the cluster (based on thier optical IDs). Kaluzny designation refers to variable stars identified by Kaluzny et al. (1996 Kaluzny et al. ( , 2004 . Representative error bars are shown at right. Dotted lines demarcate regions used to analyse the radial distribution of sources as a function of flux (see Section 4).
range are 22 ± 5 and 7 ± 3, respectively, which suggests that ∼13 ± 8 of the sources are associated with the cluster. That at least some are probable cluster members is corroborated by optical IDs whose characteristics suggest membership (see solid coloured symbols in Fig. 6 ).
A noticeable central concentration of sources is apparent for fainter sources with fluxes in the bin of range f X = 1-3 × 10 −15 erg s −1 cm −2 , or L x ∼ 3×10 30 -1×10 31 erg s −1 (see Fig. 6 ). In this bin, source counts are clearly incomplete in the outermost radial bin, but should be reasonably complete inside 3r c . A total of 51 sources are present inside 3r c in this flux range: 13 in the core, 20 in the 1-2r c annulus, and 18 in the 2-3r c annulus. Scaling from Luo et al. (2008) , ∼3, ∼8, and ∼14 AGN are expected in these three regions, respectively. Scaling from Nebot Gómez- Morán et al. (2013) , another ∼1, ∼2, and ∼4 sources are likely to be foreground stars. While these numbers are small and subject to considerable uncertainties, they suggest that AGN and foreground stars could account for all or most of the sources in the 2-3r c annulus. In the core and first annulus (1-2r c ), however, there is an excess of ∼9 and ∼10 sources, respectively. Similar results are obtained if we simply use the sources in the 2-3r c annulus as a measure of the surface density of non-members in this flux range. Thus we estimate that ω Cen contains a total of ∼20 X-ray sources with luminosities in the range L x ∼ 3×10 30 -1×10 31 erg s −1 , and that these are roughly evenly split between the core and the 1-2r c annulus.
For fluxes below f X = 10 −15 erg s −1 cm −2 (L x 3 × 10 30 erg s −1 ), source counts begin to show signs of incompleteness even in the outer part of the 1-2r c radial bin. Still, a comparison of the number of sources in the core with fluxes in the range f X = 3×10 −16 -1×10 −15 erg s −1 cm −2 to the number in an annulus of the same surface area immediately outside the core (26 and 17, respectively; see dotted regions in Fig. 6 ) reveals an excess in the core. Luo et al. (2008) predict only ∼6 AGN in a region the size of the core in this flux range, and scaling from Nebot Gómez-Morán et al. (2013) predicts ∼2 foreground coronal sources. Thus the core of ω Cen contains ∼15-20 X-ray sources with L x ≃ 1-3×10 30 erg s −1 , and perhaps 10-15 of the ∼30 sources in the 1-2r c annulus are also cluster members.
In summary, this flux-based analysis reveals a total of ∼67 ± 20 cluster members, consistent with the range of 54 ± 20 derived from the Fig. 5 plots. This is likely to be a lower limit on the actual number of X-ray sources in ω Cen since the number of member sources appears to increase steadily as the limiting flux is approached and we have not counted sources in radial/flux bins in which incompleteness is significant.
OPTICAL IDENTIFICATIONS
While it is clear that ω Cen is host to a large number of X-ray sources, optical IDs are required to determine which ones are cluster members and what they are. The most interesting new identification presented here is a CH star that coincides with the second brightest source in the ACIS-I field, 94a. We suggest that it is a symbiotic star -the first such star discovered in a globular cluster -and discuss it further below (see Section 6).
Identifications of previously known sources given by Haggard et al. (2009) and Cool et al. (2013, see their Figs. 5-7) are listed in column 13 of Table 3 . 6 These include compact binaries (CVs and a qLMXB), AGN, foreground stars, and variable stars both in and out of the cluster. Subsets of these classes whose identities are uncertain are listed with '?' following the ID. We also include several stars identified by Cool et al. (2013) as possible members of ω Cen's anomalously metal-rich red-giant and/or subgiant branches (RGB/SGB-a). 7 We searched the variable star catalogue of Kaluzny et al. (2004) for matches to any of the 233 Cycle 13 sources. We found three new matches: 63h = NV410, 73a = NV369, and 91a = NV379. All are variables of unknown type with variability periods of 1.8, 7.1, and 14.5 days, respectively. These are listed in column 13 of Table 3 along with five previously known matches (Haggard et al. 2009 ). These new potential matches have offsets between the optical and X-ray positions of 1.19 arcsec, 1.46 arcsec, and 1.20 arcsec, respectively. 8 The offsets between these possible new IDs and the X-ray positions place them somewhat outside the 95 per cent error circles (see Table 3 ) computed following the empirical prescription of Hong et al. (2005) -by factors of 1.14, 1.97, and 1.04, respectively. However, in view of the large off-axis angles involved (and larger uncertainties associated with centroiding the X-ray counts given the broad PSF), combined with the potential for additional uncertainties associated with the Kaluzny positions and/or proper motions of non-members, we chose to consider matches to within 1.5 arcsec as potentially real. No other matches of Kaluzny et al. (2004) variable stars to new Chandra sources were found with offsets under 2.0 arcsec.
To determine the rate of chance coincidences resulting from our choice of 1.5 arcsec error circles, we increased the error circle radii to 15 arcsec and reran the search. This resulted in one or more Kaluzny variables landing in 56 of the 233 expanded error circles, implying an average expected rate of 0.56 chance coincidences with the error circles actually in use. Applying Poisson statistics, we find that it is more likely than not that all eight Kaluzny IDs reported here are real. However we cannot rule out the possibility that one or two could be chance alignments (Poisson probability 32 per cent and 9 per cent, respectively).
We also searched for matches of Chandra sources with the catalogues of Weldrake et al. (2007) and Lebzelter & Wood (2016) and to the Henry Draper (HD) catalogue and found no other counterparts. Work to identify additional optical counterparts using HST data is underway and will be reported elsewhere.
For some optical IDs (e.g. AGN), membership status is clear from their very nature. For others (e.g. CVs), a concentration toward the cluster centre indicates that most if not all are associated with the cluster. In other situations cluster membership is more difficult to assess, and in these cases proper motions are invaluable. Bellini et al. (2009) have measured proper motions for more than 300 of the Kaluzny et al. (2004) variable stars in the ω Cen field, including 8 of the 9 such IDs reported here (see Table 3 ). Three of these (NV369=73a, V216=74d, and NV379=91a) have membership probabilities in the range 94-99 per cent and are thus very likely members. A fourth, NV371=11b, has a membership probability of 100 per cent according to van Leeuwen et al. (2000) . Of the other four, according to Bellini et al. (2009) , two (NV377=82b and NV410=63h) are clear non-members (membership probability = 0 per cent), and two others are probably unassociated with the cluster (membership probabilities are 15 per cent and 23 per cent for V210=73d and V167=84d, respectively). Optical counterparts that are unlikely to be associated with ω Cen are shown in parentheses in column 13 of Table 3 .
A SYMBIOTIC STAR IN OMEGA CENTAURI
The second-brightest source in the ACIS-I field of view (94a) lies about 8.8 arcmin southwest of the cluster centre (see Figs. 1 and 2) with a flux of f X (0.5-4.5 keV) = 1.0 × 10 −13 erg s −1 cm −2 . This source was also detected in our first epoch of Chandra data (Haggard et al. 2009 ), with XMM-Newton (Gendre et al. 2003 , their source #1) and with ROSAT/PSPC (Johnston et al. 1994 , their source #11), but has not previously been identified optically. In the XMM-Newton study it was the brightest and hardest source, and was variable on time-scales of minutes to hours (Gendre et al. 2003, see their Fig. 6 ).
The position of this source coincides closely with a Population II carbon star that was identified by Harding (1962, star 0055 ) -the first CH star to have been found in a globular cluster. The star, which lies near the tip of the RGB at V = 11.49 and B-V = 1.74 (Harding 1962) , was later catalogued by van Leeuwen et al. (2000) as Cl NGC 5139 LEID 52030 at R.A. = 13 h 26 m 01 s .61, Dec. = −47 o 33 ′ 05 ′′ . 7. This is 0.34 arcsec from the Chandra position for source 94a, inside the 95 per cent confidence radius of 0.55 arcsec (see Table 3 ). The star was shown to be a radial-velocity member of the cluster by Mayor et al. (1997) and a proper-motion member at 99 per cent confidence by van Leeuwen et al. (2000) . It has since been included in studies of mass-loss and dust production among giants in ω Cen (van Loon et al. 2007; McDonald et al. 2009 ).
We propose that this object is a symbiotic star in ω Cen. CH stars in the field are known to have compact binary companions that are typically white dwarfs McClure (1984) ; McClure & Woodsworth (1990) . If the WD is accreting from the giant's wind then it will appear as a symbiotic star (Kenyon 1986 ). We show in Section 7 that its X-ray properties are similar to several symbiotic stars recently observed with Suzaku (Nuñez et al. 2016) . Details concerning this star will appear in a forthcoming paper.
X-RAY CMD AND BRIGHT-SOURCE ANALYSIS
Further clues to the nature of the X-ray sources in ω Cen can be gleaned from an examination of the cluster's X-ray colourmagnitude diagram (CMD) shown in Fig. 7a . Here we plot the wide-band (0.5-6.0 keV) flux vs. X-ray colour (Xcolour = 2.5× log[X so f t /X har d ]); the corresponding L x is indicated on the lefthand side assuming a distance of 5.2 kpc. Objects with known or suggested optical counterparts are indicated with coloured symbols. Solid and open symbols signify cluster members and non-members, respectively. For comparison, we also plot hardness ratios for several spectral models, using the known cluster absorption unless otherwise indicated. Thermal plasma models (vmekal in XSPEC) appear at the top and power-law models appear at the bottom; the vertical position is arbitrary. The effect of increasing the hydrogen column is indicated for several values of n H for a 10 keV thermal plasma spectrum. Finally, hydrogen atmosphere neutron star models are plotted for a range of temperatures, assuming a 10 km radius. In Fig. 7b we show the same diagram, but with symbols indicating location relative to the cluster centre. Errors on a subset of the points are also shown to illustrate how the uncertainties depend on location within the plot.
The three brightest X-ray sources -two CVs and the CH star -all have hard X-ray colours suggestive of internal absorption. The fainter CVs and CV candidates display a significantly larger spread in colours and are softer on average than the brightest CVs. The known AGN have X-ray colours similar to the CVs, highlighting the importance of optical identifications. The X-ray sources associated with variable stars from Kaluzny et al. (1996 Kaluzny et al. ( , 2004 have relatively soft X-ray colours, similar to those of the three known foreground stars, consistent with their probable coronal nature. X-ray colours of the RGB/SGB-a stars are intermediate between the accretion sources and the coronal sources.
For further insight into the brightest cluster X-ray sources, we performed spectral fitting for 14 sources whose optical counterparts suggest they are cluster members. We selected sources with at least 70 counts in the 0.5-6.0 keV band. This includes the CH star, nine CVs and CV candidates, two stars that lie on the anomalous RGB/SGB, and two of the Kaluzny variables. Since the spectrum of the qLMXB has already been reported elsewhere (Heinke et al. 2014 , see also Rutledge et al. (2002) ), we do not discuss it here.
We began by combining the spectra from the two Cycle 13 ObsIDs using the HEAsoft tool . We then fitted the combined spectra using HEAsoft/Xspec and C-statistics (Cash 1979) . We fit vmekal models (tbabs * vmekal), specifying abundances appropriate for the dominant [Fe/H] = −1.5 stellar population in ω Cen. For the faintest sources we fixed the column at the cluster value of n H = 9×10 20 cm −2 , while for those with at least 100 counts we allowed the n H value to vary, which yields a more meaningful constraint on kT. Best-fitting parameters, including 90 per cent confidence intervals, are reported in Table 2 .
For the CH star and five of the nine brightest CVs and CV candidates no satisfactory fit could be obtained at the cluster n H value, corroborating the X-ray CMD results. For these sources (94a, 13c, 13a, 54h, 41d, and 54b), the cluster n H value is excluded at 90 per cent confidence or more. The required n H values for these sources lie in the range 4×10 21 -2×10 22 cm −2 , similar to what Heinke et al. (2005) found for the most strongly absorbed sources in 47 Tuc. Internal absorption was also required to obtain a good fit for source 34b, an RGB/SGB-a star. We discuss the significance of these findings below (see Section 8). For four other sources for which n H was allowed to vary (43h, 22c, 31a, and 11b), no internal absorption was required to obtain a satisfactory fit. All the CVs and CV candidates were well fit with plasma temperatures in the range 6−30 keV which is typical of CVs (Mukai 2017) . The CH star, with a plasma temperature of 7 keV, appears softer than the two CVs with comparable luminosities. Its temperature, luminosity, and enhanced n H values are all within the range of properties deduced for a set of symbiotic stars observed with Suzaku (Nuñez et al. 2016 ). The two RGB/SGB-a stars and one of the Kaluzny variables have lower plasma temperatures in the range 2−3 keV which is more typical of coronal sources (Dempsey et al. 1993 (Dempsey et al. , 1997 . Sample spectra are shown in Fig. 8 . We also searched the X-ray lightcurves of these 14 bright Note. - † Parentheses indicate that the parameter was frozen during the fit; ‡ Luminosities are given in the 0.5 − 6.0 keV band; * Lower limits are below minimum limiting value for n H (9×10 20 cm −2 ). sources for signs of variability. We used CIAO's tool to search for variability within each Cycle 13 ObsID. The CIAO tool applies the Gregory-Loredo variability algorithm (Gregory & Loredo 1992) which looks for significant changes between events in different time bins, and assigns a variability index and a probability that the flux from the source region is timevariable. We also searched for variations between the two ObsIDs by simultaneously fitting spectra extracted from each while allowing the normalization to differ. The CH star shows clear variability in the longer of the two ObsIDs ( index = 6), with evident flaring activity (see Fig. 9 ). Several other sources show hints of variability up to ∼50 per cent, but none with greater than 90 per cent confidence. Additional spectral and variability analyses are underway and will be presented elsewhere.
Among the sources in the X-ray CMD that have yet to be identified optically, many have rather hard X-ray colours (e.g. requiring more than 3×10 21 cm −2 of additional absorption). This is unlikely to be the result of differential interstellar absorption, which should be relatively small across our field (of order 10 per cent; Bellini et al. 2017 ). However it is not unexpected given that the majority of the unidentified sources are likely to be AGN (see Section 4), which have hard spectra and frequently show internal absorption (Hasinger et al. 2001; Kim et al. 2004) . Of the 45 sources with optical IDs thus far, 29 appear to be members, leaving ∼30 member sources yet to be identified out of more than 180 with no IDs at present. . X-ray lightcurve for source 94a, a proposed symbiotic star in ω Cen. Cycle 1 and Cycle 13 data are shown in top and bottom plots, respectively, each of which are divided into two separate observation periods (ObsIDs). Significant flaring activity can be seen in the second Cycle 13 ObsID.
DISCUSSION
These Chandra observations bring the total number of X-ray sources known in and toward Omega Centauri to 275, a factor of ∼1.5 increase over those previously known (Haggard et al. 2009 ). Of the 233 sources in the present data, we estimate that ∼60 ± 20 are associated with the cluster. The remainder are primarily AGN, with a smaller contribution from foreground stars. In projection, approximately 30 of the cluster sources reside in the core; a similar number lie in a 1-2r c annulus surrounding the core. The sources range in luminosity from L x ∼1×10 30 to 6×10 32 erg s −1 in the 0.5-6.0 keV band, or ∼3×10 29 to 2×10 32 erg s −1 in the 0.5-2.0 keV band. Relatively few member sources lie outside 2r c , but our knowledge of this population is more limited owing to the drop in sensitivity off-axis. In the 0.5-2.0 keV band, these observations should be complete to L x ≃ 10 30 erg s −1 in the cluster core and to L x ≃ 10 31 erg s −1 over the full ACIS-I field of view (see Fig. 6 ). 9 Optical identifications reported in previous studies, combined with four new IDs presented here, bring the number of X-ray sources in ω Cen with secure or promising optical counterparts to 45. These include 29 cluster members, 20 of which are accretion-powered: one qLMXB, 18 CVs and CV candidates, and one newly identified symbiotic star. Nine others are most likely coronal sources: five stars that lie along ω Cen's anomalous giant and subgiant branch and four variable stars.
Cataclysmic variables dominate the X-ray source population in ω Cen for which optical IDs exist. Extrapolating their fraction (18/29) to the total X-ray source population suggests a total of ∼40± 10 CVs in ω Cen with L x (0.5-2.0 keV) 10 30 erg s −1 , compatible with the upper end of an earlier estimate made by Haggard et al. (2009) . Given the greater ease with which accretion vs. coronal sources can typically be identified in optical searches, this may be an overestimate. Still, it seems probable that at least ∼30 CVs are present in ω Cen given the number already known, the difficulty of obtaining optical identifications in crowded fields like ω Cen, and 9 These L x values increase by a factor of ∼2-3 if we consider the 0.5-6.0 keV band instead. the fact that optical follow-up has yet to be undertaken for the 95 newly-identified X-ray sources.
Theoretical work shows that CVs in globular clusters should form through two distinct channels. Primordial binaries that would have given rise to CVs in the field can, under favourable conditions, similarly produce CVs in a GC (Davies 1997; Ivanova et al. 2006) . Dynamical interactions taking place primarily in cluster cores provide a second channel. The dominant mechanism for CV formation in this case involves an exchange interaction in which a typically heavy white dwarf is exchanged into a primordial binary consisting of two main-sequence stars. This channel is favoured in clusters with high-density and/or large cores which generate high rates of stellar interactions (Ivanova et al. 2006; Belloni et al. 2016; Hong et al. 2017) .
Omega Cen presents an interesting case in the context of these two CV formation channels. Given the sheer number of stars it contains, it is likely to have formed with many of the primordial binaries that could give rise to CVs, and its modest central density (ρ 0 ∼ 3×10 3 M ⊙ /pc 3 ; Pryor & Meylan 1993) favours the survival of such systems. At the same time, because it has a very large core (r c ≃ 3.9 pc), the overall rate of stellar interactions is high enough that CVs are also expected to form via dynamical interactions (Verbunt & Meylan 1988; Davies & Benz 1995) . In addition, ω Cen's half-mass relaxation time is sufficiently long (1.2 × 10 10 yr; Harris 2010) that, in contrast to most GCs with significant rates of stellar interactions, ω Cen is far from being relaxed, as demonstrated by its lack of significant mass segregation (Anderson 2002) . This further favours the survival of primordial binaries that could give rise to CVs, since they are less likely to have sunk to the more perilous central regions of the cluster despite their larger-than-average masses. Moreover, in contrast to CVs in most other GCs whose radial distribution reflects their masses (e.g. Cohn et al. 2010) , the distribution of CVs in ω Cen should be more indicative of where they formed, regardless of origin.
The radial distribution of optically identified CVs in ω Cen can be seen in Fig. 10 , in which we plot X-ray luminosity as a function of radius in the cluster. 10 More than half of the known CVs lie outside 0.5r h ; there is no sign that CVs preferentially reside in the denser central region of the cluster. This is in contrast to other clusters in which significant numbers of CVs have been observed. In NGC 6397, NGC 6752, and 47 Tuc, CVs are clearly concentrated toward the cluster centres and dynamical interactions appear to be implicated in the formation of at least some of these systems Lugger et al. 2017; Rivera-Sandoval et al. 2018) . The markedly different radial distribution observed here suggests that the bulk of the CVs in ω Cen have their origins as primordial binaries, which have survived by inhabiting the regions outside the cluster core.
While it appears likely that ω Cen's CV population is dominated by systems originating from primordial binaries, it is interesting to ask if there are indications that any of the CVs in the cluster could be of dynamical origin. The rate of stellar interactions in ω Cen is expected to be comparable to the collapsed-core cluster NGC 6397 (Bahramian et al. 2013 ) whose central density is ∼60 times higher than ω Cen's (Pryor & Meylan 1993) , but whose core is far smaller. Among the 15 CVs in NGC 6397, several appear to be of dynamical origin: their concentration toward the cluster cen- tre implies high masses that are likely the result of exchange collisions, and their high luminosities are indicative of youth . Of these, the four most luminous CVs, with L x (0.5-6.0 keV) > 5×10 31 erg s −1 lie in or very near the cluster core. In ω Cen, the two most luminous CVs lie well inside the core (r c = 2.6 arcmin), just 1.1 arcmin and 1.2 arcmin from the cluster centre, respectively. While the numbers are small, this is at least a hint that the dynamical formation channel is operating in ω Cen. The probability that the two most recently formed primordial CVs would both lie so close to the cluster centre by chance is ∼1 per cent judging from the number of stars inside 1.2 arcmin vs. inside 2r c . 11 Moreover, the rate of interactions involving heavy remnants may be highest in the inner region of the core where these sources lie. Given ω Cen's ∼4 Gyr central relaxation time, such remnants, which are more massive than average stars in the core and formed early in the cluster's history, would have had time to form a relaxed and thus more centrally concentrated distribution than the main-sequence stars in the core. While ω Cen harbours a substantial population of CVs, their numbers appear low by comparison to the field. Based on a sample of 20 non-magnetic CVs with L x (0.5-2.5 keV) ∼10 30 -10 32 erg s −1 , Pretorius & Knigge (2012) deduce a CV space density of 4 +6 −2 ×10 −6 pc −3 (1 σ confidence interval) in the solar neighborhood. The range of X-ray luminosities we sample in ω Cen is very similar. The estimated population of ∼40 ± 10 CVs with L x (0.5-2.0 keV) 10 30 erg s −1 translates to a space density of ∼1.3 ×10 −6 pc −3 considering the cluster mass (∼3×10 6 M ⊙ ) and assuming 0.1 M ⊙ /pc −3 in the solar neighborhood. This is a factor of three below the space density in the field, although it is within 2 σ of the field value. However, the field estimate takes account of non-magnetic CVs only, 12 while there are hints that several of the CVs in ω Cen may be magnetic (see below), which would increase the apparent discrepancy. We conclude that ω Cen has fewer CVs per unit mass than the field. 13 It seems unlikely that the central densities in ω Cen are sufficiently high to destroy CVs, or even (wider-orbit) CV progenitors; 11 These figures were determined based on turnoff stars in the ACS/WFC data described by Cool et al. (2013) . 12 Including magnetic CVs in this estimate increases the numbers by a factor of ∼1.2 (Pretorius et al. 2013) . 13 This conclusion applies to CVs with L x > 10 30 erg s −1 . Fainter CVs are for instance, Ivanova et al. (2006) find a similar or larger number of CVs per unit mass in their simulation of a cluster of similar density to ω Cen, compared to the field. The reduction in CVs per unit mass might be due to a lower initial binary fraction in ω Cen than the field, and/or to effects of lower metallicity and larger age. These issues will be studied in more detail in Heinke et al. 2018, in prep. Additional insight into the CVs in ω Cen comes from spectral fits to the brightest sources in the cluster (see Table 2 ). Hydrogen columns significantly above the cluster value were required to obtain good fits for six of the nine CVs in this list. The n H values implied for these sources range from ∼4×10 21 cm −2 to 2×10 22 cm −2 . Comparably large n H values were found by Heinke et al. (2005) for four CVs in 47 Tuc (see their Fig. 17) , three of which are known to be eclipsing systems. Thus it is possible that at least some of the high-n H CVs in ω Cen are also high-inclination systems. From a statistical point of view, however, it would be surprising if 2/3 of the brightest CVs in ω Cen were all edge-on. An alternative explanation could be that at least some are magnetic. Intermediate polars, also known as DQ Her systems, are often found to require internal absorption (Norton & Watson 1989; Patterson 1994; Mukai 2017) . These moderately magnetic systems are also brighter on average than non-magnetic systems (Pretorius et al. 2013) , which could help explain why so many of the bright CVs in ω Cen display this feature.
One of the sources associated with an RGB/SGB-a star also shows enhanced absorption over the cluster value (see Table 2 ). These are stars that, in colour-magnitude diagrams, lie along the metal-rich anomalous subgiant and giant branches in ω Cen , hence the designation. It is currently unknown, however, whether they have chemical compositions that actually make them part of this population. If instead their metallicities are characteristic of one of the more metal-poor populations in ω Cen, then they are sub-subgiants (Mathieu et al. 2003; Geller et al. 2017a,b; Leiner et al. 2017) or, in the case of brighter members of the group, red stragglers. In this context the enhanced emission associated with the possible sub-subgiant (SSG) 34b is interesting given that enhanced absorption has been found to be associated with a number of other such systems (Mathieu et al. 2003) and multiple mechanisms put forward to explain SSGs involve mass loss and/or mass transfer (Leiner et al. 2017) . Spectroscopic followup on this and other members of this population in ω Cen is needed to distinguish between these possibilities.
A class of objects that appears conspicuously absent from ω Cen is millisecond pulsars (MSPs). In contrast to 47 Tuc, which hosts 25 known MSPs (Freire et al. 2017) , none has yet been detected in ω Cen. This may not be surprising, considering the role that stellar interactions are likely to play in the formation of MSPs in globular clusters (Heinke 2010) , and the fact that the rate of interactions in ω Cen is more than an order of magnitude below that of 47 Tuc (Bahramian et al. 2013) . NGC 6397, with an interaction rate comparable to that of ω Cen, has just one known MSP. On the other hand, gamma-ray emission from the cluster centre detected with Fermi/LAT (Abdo et al. 2010) hints at the presence of a small population of MSPs, formally estimated at 19 ± 9. Thus it is of interest to ask whether the present X-ray observations can tell us anything about the possibility that some MSPs could exist in ω Cen and have somehow eluded detection. The known MSPs in 47 Tuc occupy a relatively small region of the X-ray CMD (see Fig. 10 of likely to be present in the field (Pretorius & Knigge 2012) and presumably also in ω Cen, but at present are not well constrained. Heinke et al. 2005) ; the large majority have L x = 10 30 -10 31 erg s −1 and X-ray colours that place them between the 0.5 and 3.0 keV vmekal models. 14 The equivalent region in ω Cen (see Fig. 7a ), contains ∼40 sources, all but 5 of which are unidentified. Thus the present observations leave open the possibility than some MSPs could exist in ω Cen. However, given that multiple source types including CVs and active binaries also occupy this region of the X-ray CMD, radio detections are required to determine whether any of these sources are in fact MSPs.
Finally, we identify the first candidate symbiotic star in a globular cluster with 94a, the second brightest X-ray source in ω Cen. In section 6 above, the nature (a carbon-rich red giant, or CH star) and membership in the cluster of the optical counterpart are secured. In section 7, the X-ray spectrum of 94a is reasonably fit with a plasma temperature of 5 keV and intrinsic absorption of 7 × 10 21 cm −2 . Although the first well-studied symbiotic stars tended to show quite soft spectra (e.g. Muerset et al. (1997) using ROSAT data), recent studies of symbiotic stars have revealed that many have hard X-ray spectra (temperatures 5-50 keV), with substantial (∼10 22 -10 23 cm −2 ) absorption (e.g. Luna et al. 2013) . Thus, 94a's X-ray spectrum is quite consistent with those of symbiotic stars. No high-temperature emission lines have yet been identified from this star. However, as laid out clearly by Mukai et al. (2016) and also Hynes et al. (2014) , van den Berg et al. (2006), and Munari & Zwitter (2002) , symbiotic stars will only show strong optical emission lines if a very large (> 4 × 10 34 erg s −1 ) ionizing source is present. Thus, most symbiotic stars, including many with substantial (> 10 32 erg s −1 ) X-ray luminosity, will not show strong optical emission lines. So from the optical perspective as well, 94a's properties are in line with our current understanding of symbiotic stars. We note that the relative rarity of symbiotic stars in globular clusters, compared to closer binaries, is a natural consequence of the wider orbits of symbiotic stars. Such binaries would be disrupted in the dense cores of globular clusters, so symbiotic stars should be produced only from primordial binaries in the low-density haloes of (preferentially massive) globular clusters.
SUMMARY
Analysis of a deep Chandra exposure of the globular cluster Omega Centauri has revealed 233 X-ray sources in the ACIS-I field of view, of which 95 are newly reported here. An estimated 60 ± 20 of these sources are cluster members, the remaining being primarily AGN. Among 45 sources with firm or tentative optical identifications are 18 CVs and CV candidates. Extrapolating from these, we estimate that the cluster contains ∼30-40 CVs with L x 10 30 erg s −1 , a factor of about three fewer than would be expected if ω Cen produced CVs at the same rate as the field. In contrast to other GCs with significant populations of known CVs, the majority of CVs in ω Cen lie outside the cluster core. Given ω Cen's very long half-mass relaxation time, this strongly suggests that a majority of ω Cen's CVs have evolved from primordial binaries. The two brightest CVs lie close to the cluster centre, hinting that a dynamical formation channel may also be active. Spectral analysis shows that five of the nine brightest CVs have significant internal absorption indicative of a possible magnetic nature. An X-ray CMD contains numerous unidentified sources with colours and luminosities typical of MSPs.
14 These colour boundaries are chosen for convenience of comparing to X-ray sources in ω Cen, not because MSPs are well fit by vmekal models.
Radio identifications are needed to determine whether any of these objects are MSPs and could help explain the gamma-ray emission seen from the central regions of the cluster (Abdo et al. 2010 ). Finally, we identify the second-brightest X-ray source present as a symbiotic star, the first such binary system found in a globular cluster. 
